A teleconnection pattern has been identified between Eastern Mediterranean and Northwestern Europe in the geopotential fields of the upper troposphere (hereafter will be referred to as EMP) during winter and it seems to play significant role in the large-scale atmospheric circulation over Mediterranean region with distinctive temporal and spatial characteristics. Since teleconnections are significant components of the natural climatic variability, any future climatic changes are expected to influence their structure and intensity and subsequently their implications on the regional climate.
INTRODUCTION
The term "teleconnection pattern" refers to the statistically significant negative correlation of recurring and persistent circulation anomalies between two or more geographical areas that could be adjacent or at greater distances. Teleconnection patterns appear as preferred modes of low-frequency (or long time scale) natural variability of the atmospheric circulation with geographically fixed centres of action (poles).
Two approaches have been used in relevant studies to define low-frequency circulation patterns: a) correlation analysis where the two (or more) poles of the pattern are characterized by the strongest negative correlations in the domain [1] , [2] , [3] , [4] , [5] . However, this method requires considerable time of both the computer and researcher while it is not straightforward to define the most representative set of centers within the spatial coverage of the pattern or its temporal evolution and b) rotated principal component analysis (RPCA), where the eigenvectors of the correlation matrix are individually scaled according to their contribution to the total data variance and then are rotated under certain constraints to obtain the most detailed and robust teleconnection counterparts [6] , [7] , [8] , [9] . While RPCA offers advantage of its ability to reduce the original dataset into the fewest number of significant independent components and computational convenience compared to the previous method, it is characterized by certain constraints being associated with the selection of the principal components (PCs) and their physical interpretation.
Climate dynamics research has demonstrated the existence of several teleconnection patterns over the European region such as North Atlantic Oscillation (NAO) in the lower troposphere between Iceland and Azores [1] , [8] , [10] , Eastern Atlantic pattern, as the upper air manifestation of NAO [1] , [4] , Southern Europe-North Atlantic pattern (SENA) at 700 hPa [11] , Eastern Atlantic-West Russia Pattern (EAWR) at 700 hPa [12] and North Sea-Caspian pattern at 500hPa [5] . Furthermore, Conte et al. [13] suggested the existence of a teleconnection pattern in the annual geopotential height fields at 500 hPa between the two extremes of the Mediterranean basin that was defined as Mediterranean Oscillation. They defined the Mediterranean Oscillation index (MOI) as the standardized geopotential height difference between Alger and Cairo. Recent studies demonstrated that this oscillation is reflected in the time series of temperature and rainfall between Western and Eastern Mediterranean [14] , [15] , [16] , and [17] .
In an attempt to further investigate the Mediterranean Oscillation, a new teleconnection pattern was found in the geopotential field between Eastern Mediterranean and Northwestern Europe (hereafter will be referred to as EMP) at 300 and 500hPa in winter [18] , [19] . This pattern seems very weak in spring and summer, weakens at lower levels and does not exist at 1000hPa. Furthermore, Hatzaki et al. [20] demonstrated that EMP is associated with an increase that was evident in the winter precipitation in Eastern Mediterranean region and a significant overall increase in the winter minimum temperature.
As significant component of the natural climatic variability, future climatic changes are expected to influence their structure and intensity and subsequently their implications on the regional climate [21] , [22] . This issue appears as the subject of current climatological research with the aid of global circulation models (GCMs) and regional climatic models or statistical downscaling methods. The objective of this study is to explore the existence and the characteristics of the EMP in the future at the isobaric level of 500 hPa in winter, using the results of a General Circulation Model (GCM) for two different IPCC Emission Scenarios of greenhouse gases, with the aid of both above mentioned approaches: correlation and principal component analysis.
DATA -METHODOLOGY
In this study gridded datasets of geopotential height at 500 hPa were used on a daily basis for the European region, extending from 20°W to 50°E and 20° to 50°N. For the present climate, the datasets derive from NCEP/NCAR archive and cover the period 1958 to 2003 on 2.5° x 2.5° latitude by longitude grid. For the future climate, modeled data derived from the General Circulation Model (GCM) HadAM3P [23] for the period 2070 to 2100 on a 2.5° x 2.5° latitude by longitude grid, considering two different scenarios. The GCM data became available through the EU project STARDEX (Statistical and Regional Dynamical Downscaling of Extremes for European Regions).
The scenarios which were used belong to the A2 and B2 storylines and families, the A2a and B2a, respectively. In particular, the A2 storyline family describes a very heterogeneous world, presuming self-reliance and preservation of local identities. Fertility patterns across regions converge very slowly, which results in continuously increasing global population. Economic development is primarily regionally oriented. This scheme results in medium high emissions, with atmospheric CO 2 concentrations reaching 715ppm and global temperatures expected to increase by around 3.3°C by the 2080s. The B2 storyline describes a world in which the emphasis is on local solutions to economic, social, and environmental sustainability. It describes a world with continuously increasing global population at a rate lower than A2, intermediate levels of economic development. While the scenario is also oriented toward environmental protection and social equity, it focuses on local and regional levels. The accompanying emissions scenario is medium low, with CO 2 concentrations at 562ppm and global temperatures expected to increase by around 2.3°C [24] .
The validation of the two datasets was performed for the period 1960-1990, which is the standard validation period in the climatic modeling studies, because it is not associated with important anthropogenic changes in the chemical composition of the atmosphere that mainly occurred during the last two decades. It should be noted that for the needs of a comparative study the examined area was selected on the basis of the scenario data availability while our analysis with the NCEP/NCAR refers to larger area, extending from 90°W to 90°E and 0° to 90°N.
The mean winter values for each time series were calculated. In this study, the standard definition of winter was followed. Following this definition, winters were extracted for each year using the December data of the previous year, resulting to reduce the datasets by one year.
Principal component analysis (PCA) is applied for the winter mean values of the three datasets. The first four principal components (PCs) are retained for all datasets that satisfy the empirical criterion of each component explaining more than the 10% of the total variance, trying to keep the PCs with physical interpretability [9] . These PCs share from 70 to 80% of the total variance. Finally, varimax method is used for the PCs' rotation [6] which maximizes the variance of the squared correlation coefficients between each rotated principal component and each of the original time series, thus increases the discrimination among the loadings and makes them easier to interpret [8] . Also, the rotated PCs are less dependent on the domain of the analysis and their spatial patterns more closely resemble observed anomaly fields [6] .
Linear correlation coefficient was calculated between all grids in the whole examined region and one point correlation maps were constructed, in order to reveal any spatial changes of the pattern. The statistical significance was tested at the level of a=0.05. Then teleconnectivity maps were formulated, representing the poles of the pattern, as the points that appear maximum absolute value of negative correlation coefficient over the examined area [1] .
RESULTS
Before proceeding to the correlation and principal component analysis for the future scenarios, the HadAM3P output (control run) of 500 hPa geopotential heights was verified against the corresponding NCEP/NCAR values for the present period 1960-1990. The verification was performed on the basis of the biases of the mean winter values and the standard deviation ratios of the two datasets.
As can be seen in Figure 1 , the HadAM3P values are higher compared to the NCEP value over the most part of European and Mediterranean region, with maximum biases (of 35 gpm) over western Mediterranean and Western Europe. Over Eastern Mediterranean, where the southern pole of the EMP is located, the biases are small, not exceeding the 15gpm. On the contrary, over northeastern Atlantic -where the northern EMP pole is located -a strong gradient forms with biases ranging from 25 (model overestimation) to -35 gpm (model underestimation). From Figure 2 it becomes evident the HadAM3P values exhibit similar variability with the NCEP values over the whole examined area, except of north Africa where the model presents slightly lower variability. Especially, the regions of the two EMP poles are characterized by standard deviation ratio of 0.9-1. Furthermore, Tolika [25] demonstrated the sufficient adequacy of HadAM3P model to reproduce the principal component loadings of geopotential field at 500 hPa over the examined area in all seasons, except for summer.
The correlation analysis verified the existence of strong negative correlation between northwestern Europe and Eastern Mediterranean for the future period 2070-2100. However, the two poles (as defined with the aid of the teleconnectivity maps) do not coincide with the corresponding ones identified in the present climate (Figure 3 ), but have changed by almost 10° in different directions, depending on the considered scenario. More specifically, Hatzaki et al. [19] found for the present climate that the northern EMP pole is centered at 25°W, 52.5°N -which is not well depicted in the examined area of this studywhile the anti-pole over Eastern Mediterranean is centered at 22.5°E, 32.5°N. For the future, the whole pattern is shifted northeasterly according to the A2a scenario, while the two poles have shifted to the southeast for the B2a scenario. The teleconnectivity for the A2a scenario is 0,65 while the corresponding value for the B2a is 0,68. 50°N) and an opposite sign one over North Africa (20°E, 20°N) , explaining the 27,8% of the total variance. It should be noted that our results for a greater area and for the same period demonstrate a better verification and definition of the NW Europe-Eastern Mediterranean pattern (not shown). The third component seems to reflect the Eastern Atlantic-West Russia pattern (EAWR) [12] , while the fourth component reveals the North Sea-Caspian pattern (NCP).
According to Figure 5 , the EMP still exists for the scenario A2a, however, it now forms as the fourth component (PC4), explaining the 11.2% of the total variance. The locations of the two poles have also displaced both northward and eastward by almost 10° relative to present climate results (Figure 4 ). This is more likely reflects the large increase of geopotential values that are expected for the A2 scenario over Eastern Mediterranean, reaching up to 100 gpm, as compared to the present climate [25] . The two poles are now positioned over the British Isles and Black sea, coinciding with the corresponding positions derived from the correlation analysis ( Figure 3 ). It should be noted that the EMP pattern as displayed in this scenario resembles the EAWR pattern (PC3 of Figure 4 ).
For the scenario B2a (Figure 6 ), although the four PCs differ significantly compared to previous results (Figures 4 and 5) , the EMP forms clearly as the second component (PC2), explaining the 20.6% of the total variance. A southeastward shift of the whole pattern relative to present climate is evident, resulting in relocation of the northern and southern pole over Western Europe and Red sea, respectively, in accordance with the correlation results shown in 
CONCLUSIONS
In this study an attempt is made to investigate the existence of the Eastern Mediterranean teleconnection pattern EMP, as a component of the low frequency atmospheric circulation at the upper levels in the future climate (2070-2100), employing the results of the GCM model HadAM3 based on two different IPCC scenarios regarding the emissions of the greenhouse gases. For this purpose, two different approaches have been used: principal component and correlation analysis.
The comparison of the 500hPa geopotential values of the model (control run) with the corresponding NCEP values for the present climate showed substantial underestimation over the region of the northern pole of the EMP (northwestern Europe) while no significant biases are evident over the region of the southern pole (Eastern Mediterranean). On the contrary, the variability of the two datasets is similar over the two regions.
The results of the correlation analysis suggest the existence of the EMP in the future for both scenarios with an eastward shift of the two poles relative to present climate. In the A2a scenario (that predicts global temperature increase by 3.3°C) a northward shift is also evident. If the global temperature increase is lower (of 2.3°C in the B2a scenario), the two poles of the EMP are shifted southward. These results are verified by the principal components analysis, where the EMP forms as the fourth and the second principal component for A2a and B2a scenarios, respectively.
According to the results of the PCA, the EMP remains as a component of the upper level atmospheric circulation in the future while the other known teleconnection patterns (EAWR and NCP) have not been represented by any of the first four components of the future circulation. However, this finding could be considered with caution since it might depend on the extent of the examined area.
Similarly to other teleconnection patterns, in order to examine the intensity and temporal changes of EMP and to further investigate its relationship with the large scale circulation and the regional climate, a corresponding EMP index has been determined [19] . Taking into account that the definition of such a teleconnection index highly depends on the exact location of the two poles, the results of our study help to redefine the index for future scenarios and to further capture the intensity of pattern changes.
Since some characteristics of the future structure of EMP were marginally depicted in the examined area of this study, future research includes the investigation of the pattern in a more extended area. Furthermore, future changes of the pattern intensity and of its link with large scale circulation as well as implications on the future climate of Mediterranean will be examined.
